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(54) Bias circuit and radio communication apparatus using same 



(57) A bias circuit (1 00) according to the present in- 
vention includes a monitoring circuit having a second 
FET (115) and a resistance (143) connected to a drain 
of the second FET (115) for monitoring a drain current 
of a first FET (111) to be supplied with a gate bias; a 
differential circuit including a third FET (112) having a 
gate supplied with a reference voltage (132), a fourth 
FET (113) having a gate connected to the drain of the 
second FET (115), sources of the third FET (112) and 



the fourth FET (113) being connected to a common 
point, and resistances (141 , 142) connected to drains of 
the third FET (112) and the fourth FET (113), respec- 
tively, and a fifth FET (114) having a drain connected to 
the common source of the third FET (1 1 2) and the fourth 
FET (113); wherein a drain voltage of the third FET (112) 
is fed back to gates of the first FET (111) and the second 
FET (115) : and a drain voltage of the fourth FET (113) 
is fed back to a gate of the fifth FET (114). 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a bias circuit 
and a radio communication apparatus using the same, 
and particularly to a bias circuit for supplying a bias volt- 
age to a gate of a FET and a radio communication ap- 
paratus such as a cellular telephone or a cordless tele- 
phone using the same as a gate bias circuit for an RF 
amplifying FET in a transmission system thereof. 
[0002] In a radio frequency (RF) band, especially a 
microwave band, an N-channel FET having excellent 
RF characteristics, such as a GaAs FET, is used. In a 
circuit using the FET, a conventional bias circuit for pro- 
viding a bias voltage to a gate of the FET is generally 
configured to use a divided voltage obtained by dividing 
power supply voltage by resistance as a gate bias volt- 
age for the FET. 

[0003] The gate bias voltage of the thus configured 
bias circuit for the FET is uniquely determined by the 
voltage dividing resistances. On the other hand, radio 
frequency FETs such as GaAs FETs greatly vary in 
threshold voltage Vth between production lots, and 
therefore the resistance division system in which the 
gate bias voltage is uniquely determined produces a 
great variation in idle current Idsq. 
[0004] Thus, because of the variation in idle current 
Idsq, the conventional bias circuit employing the resist- 
ance division system cannot deliver specified perform- 
ance, thereby requiring adjustment such as changing 
the voltage dividing resistances. Moreover, since the bi- 
as voltage of the conventional bias circuit obtained by 
the resistance division system is fixed, a variation in 
characteristics of the FET due to temperature variation 
or the like causes the idle current Idsq to vary according 
to the variation in characteristics of the FET. 

SUMMARY OF THE INVENTION 

[0005] The present invention has been made in view 
of the above problems, and it is accordingly an object of 
the present invention to provide a bias circuit and a radio 
communication apparatus using the same that make it 
possible to keep the idle current constant irrespective of 
variation in characteristics of FETs between FET pro- 
duction lots and change in characteristics of the FETs 
due to temperature variation or the like, and also to re- 
duce current consumption to a low level. 
[0006] To achieve the above object, according to an 
aspect of the present invention, there is provided a bias 
circuit, including: a monitoring circuit having a second 
FET and a resistance connected to a drain of the second 
FET for monitoring a drain current of a first FET to be 
supplied with a gate bias; a differential circuit including 
a third FET having a gate supplied with a reference volt- 
age, a fourth FET having a gate connected to the drain 
of the second FET, a source of the third FET and that of 



the fourth FET being connected to a common point, and 
resistances connected to drains of the third FET and the 
fourth FET respectively; and a fifth FET having a drain 
connected to the common source of the third FET and 
5 the fourth FET; wherein a drain voltage of the third FET 
is fed back to a gate of the first FET and that of the sec- 
ond FET, and a drain voltage of the fourth FET is fed 
back to a gate of the fifth FET. 

[0007] According to the bias circuit having the above 
10 configuration monitors the drain current of the first FET 
through the second FET by means of the resistance, 
and compares a voltage drop at the resistance with the 
reference voltage by means of the third FET and the 
fourth FET of the differential circuit. Then, the bias circuit 
15 feeds the drain voltage of the third FET back to the gates 
of the first FET and the second FET, and feeds the drain 
voltage of the fourth FET back to the gate of the fifth 
FET. Thus : when power supply voltage or FET threshold 
voltage deviates from a standard value, the currents of 
20 the third FET and the fourth FET are kept equal to each 
other, and hence the voltage drop at the current moni- 
toring resistance is kept equal to the reference voltage. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 

[0008] 

Fig. 1 is a circuit diagram of a bias circuit according 

to a first embodiment of the present invention; 
30 Fig. 2 is a circuit diagram of a bias circuit according 

to a second embodiment of the present invention; 

Fig. 3 is a Vth-ldsq characteristic diagram, showing 

a simulation result for the bias circuit according to 

the second embodiment; 
35 Fig. 4 is a circuit diagram of a bias circuit according 

to a third embodiment of the present invention; 

Fig. 5 is a circuit diagram of a bias circuit according 

to a fourth embodiment of the present invention; 

Fig. 6 is a circuit diagram of a bias circuit according 
40 to a fifth embodiment of the present invention; and 

Fig. 7 is a block diagram showing a configuration of 

an RF front end section of a CDMA-type cellular 

phone system. 

45 DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0009] Preferred embodiments of the present inven- 
tion will hereinafter be described in detail with reference 
so to the drawings. 

[First embodiment] 

[0010] Fig. 1 is a circuit diagram of a bias circuit, ac- 
55 cording to a first embodiment of the present invention. 
In Fig. 1 , an RF amplifying FET 1 1 1 has a source ground- 
ed, a gate connected to an input terminal 121, and a 
drain connected to an output terminal 1 22. A gate bias 
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voltage obtained in a bias circuit 100 is applied to the 
gate of the RF amplifying FET 111 . 
[0011] In the bias circuit 100, one end of each of load 
resistances 141 and 142 and a current monitoring re- 
sistance 143 is connected to a common positive elec- 5 
trode of a reference voltage source 131. A negative 
electrode of the reference voltage source 131 is ground- 
ed. The other ends of the load resistances 1 41 and 1 42 
are connected to drains of FETs 112 and 113, respec- 
tively. The FETs 112 and 113 have sources connected 10 
to a common point, and thereby form a differential pair. 
More specifically, the FETs 112 and 113 and the load 
resistances 141 and 142 comprise a differential ampli- 
fier (differential circuit). 

[001 2] A gate of the F ET 1 1 2 is connected to a positive 15 
electrode of a reference voltage source 132. A negative 
electrode of the reference voltage source 132 is ground- 
ed. A gate of the FET 11 3 is connected to the other end 
of the current monitoring resistance 143. The common 
source of the FETs 112 and 113 is connected to a drain 20 
of a FET 114. The FET 114 has a source grounded and 
a gate connected to the drain of the FET 113 and one 
end of a resistance 144, and functions as a common 
source current source for the differential pair FETs 112 
and 113 The other end of the resistance 1 44 is ground- 25 
ed. 

[0013] The gate of the FET 1 1 3 is connected to a drain 
of a FET 1 1 5. A source of the FET 1 1 5 is grounded, while 
its gate is connected to the drain of the FET 112 and 
one end of a resistance 145. The other end of the re- 30 
sistance 145 is grounded. The gate of the FET 115 is 
also connected to the gate of the RF amplifying FET 111. 
Thus, the FET 1 1 5 and the current monitoring resistance 
143 connected to the drain of the FET 115 comprise a 
monitoring circuit for monitoring drain current of the RF 35 
amplifying FET 111. 

[0014] In the configuration described above, a scaling 
law is set to hold between the FET 1 1 1 and the FET 1 1 5, 
or is set to hold with a certain offset between the FET 
111 and the FET 115. A scaling law is a relational law 40 
describing how design parameters such as capaci- 
tance, resistance, wiring delay time, and power con- 
sumption are changed when device dimensions such as 
gate length and gate width are scaled up or scaled 
down. 45 
[0015] Operation of the bias circuit 100 according to 
the first embodiment thus configured will next be de- 
scribed. In this case, threshold voltage Vth of the FET 
111 and the FET 1 1 5 does not necessarily need to be of 
the same value, and the values may have an offset. For so 
simple description, however, consideration will be given 
to a case where threshold voltages Vth of the FET 111 
and the FET 115 are of the same value. 
[0016] When the threshold voltage Vth of the RF am- 
plifying FET 111 is low, that of the FET 115 having the 55 
same threshold voltage Vth value is also low. Since the 
threshold voltage Vth of the FET 115 is low, a drain-to- 
source current of the FET 1 1 5 is increased, while a volt- 



age applied to the gate of the FET 113 is decreased. 
Then, a drain-to-source current of the FET 113 is de- 
creased. 

[0017] When the drain-to-source current of the FET 
113 is decreased, a voltage applied to the gate of the 
FET 114 is increased. Then, a drain-to-source current 
of the FET 114 is increased. Hence, a drain-to-source 
current of the FET 1 1 2 is increased, and voltage applied 
to the gates of the FETs 1 1 1 and 1 15 is decreased. Then , 
current flowing through the FETs 111 and 115 is de- 
creased. 

[0018] Thus, when the FET 111 has a low threshold 
voltage Vth and a great idle current Idsq, the bias circuit 
100 functions to decrease the idle current Idsq. On the 
other hand, when the FET 111 has a high threshold volt- 
age Vth and a low idle current Idsq, the bias circuit 1 00 
functions to increase the idle current Idsq. 
[0019] The circuit is then stabilized in a certain state 
of equilibrium. When this stable state provides a desired 
idle current Idsq, the idle current Idsq can be kept con- 
stant irrespective of difference in the threshold voltage 
Vth of the FET. As the FETs 111 and 115 also vary in 
characteristics due to temperature variation or the like, 
the idle current Idsq is kept constant. 
[0020] This is because when the idle current Idsq of 
the FET 111 is increased due to temperature variation, 
the drain-to-source current of the FET 1 15 is simultane- 
ously increased, and therefore the bias circuit 1 00 func- 
tions to decrease the idle current Idsq; and when the 
idle current Idsq is decreased, the bias circuit 1 00 func- 
tions to increase the idle current Idsq. 
[0021] Even in a case where a scaling law holds with 
an offset between the FET 111 and the FET 115, when 
circuit constants are determined in consideration of the 
amount of the offset, the idle current Idsq is kept con-, 
stant for the same reason as described above. 
[0022] Description will next be made of a feedback, 
from the drain of the FET 113 to the FET 114, or the 
common source current source for the differential pair 
FETs 1 1 2 and 113 (hereinafter referred to as a common 
mode feedback), which feedback has been devised for 
accurate operation of the bias circuit 100. 
[0023] For accurate operation of the bias circuit 1 00, 
voltage of the reference voltage source 132 and a volt- 
age drop at the current monitoring resistance 143 need 
to be kept substantially the same irrespective of condi- 
tions. In order to achieve this, gate-to-source voltages 
of the FETs 1 1 2 and 1 1 3 must not vary greatly with con- 
ditions. However, a current flowing through the load re- 
sistance 141 varies depending on the threshold voltage 
Vth of the FETs 111 and 114 as well as power supply 
voltage (voltage of the reference voltage source 1 31 ). 
[0024] Hence, when the FET 1 1 4 is a constant-current 
source, it is not possible to keep currents of the FETs 
112 and 113 constant irrespective of conditions. While 
the above-mentioned condition may be satisfied by re- 
placing the load resistance 141 with a current source if 
a P-channel FET or a depletion mode N-channel FET 
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can be used, it is difficult to form a current source of the 
current source type only with an N -channel FET and a 
resistance. 

[0025] As one method, current densities of the differ- 
ential pair FETs 112 and 113 may be set very small so 
that the FETs operate in the vicinity of the threshold volt- 
age Vth . However, lowering the current densities means 
setting size of the FETs 112 and 113 larger, thereby re- 
sulting in larger chip size. 

[0026] Thus, the bias circuit 1 00 according to the first 
embodiment is configured to change the current of the 
FET 1 1 3 according as the current of the FET 1 1 2 varies, 
rather than keep the currents of the load resistance 1 41 
and the FET 112 constant. 

[0027] First, sizes and currents of the FETs 111 , 115, 
and 114 are set such that the gate-to-source voltages 
of the FETs 111 and 115 become substantially equal to 
that of the FET 114 under normal operating conditions. 
Suppose that the power supply voltage is increased, for 
example. In order that the currents of the FETs 111 and 
115 are kept constant, the amount of change in the pow- 
er supply voltage needs to be absorbed as a change in 
the voftage drop of the load resistance 141 . Thus, the 
current of the FET 112 has to be increased. 
[0028] When the FET 114 is a constant-current 
source, the increase in the current of the FET 112 caus- 
es a decrease in the current of the FET 113, which re- 
sults in a great difference between the drain-to-source 
voltages of the FETs 1 12 and 113. Therefore, the voltage 
of the reference voltage source 132 andthe voltage drop 
at the current monitoring resistance 143 cannot be kept 
constant and the currents of the FETs 111 and 115 are 
inevitably varied due to variation in the power supply 
voltage. 

[0029] When the power supply voltage is increasing, 
the bias circuit 100 according to the first embodiment 
acts to increase the gate-to-source voftage of the FET 
114 via the load resistance 142, thereby increasing its 
current. Thus, the gate-to-source voltage of the FET 114 
is not greatly changed while its current is increased, 
whereby the current of the FET 113 is also increased. 
As a result, the currents of the FETs 112 and 113 are 
kept substantially equal to each other, and the voltage 
drop at the resistance 1 43 is kept equal to the reference 
voltage of the reference voltage source 132. It is serf- 
evident that the same substantially holds true even 
when the threshold voltages Vth of the FETs are 
changed, and therefore its description will be omitted. 
[0030] As described above, the bias circuit 100 ac- 
cording to the first embodiment senses variation in the 
current of the FET 115 having the same threshold voft- 
age Vth as the RF amplifying FET 111 or having the 
same threshold voltage Vth as the RF amplifying FET 
111 with some offset, and then functions to keep the idle 
current Idsq flowing through the RF amplifying FET 111 
constant at all times. Therefore, it is possible to keep 
the idle current Idsq constant irrespective of variation in 
the threshold voltage Vth of the FETs. In addition, since 



6 

the FETs satisfy the scaling law, the gate width of the 
FET 115 can be made substantially smaller than that of 
the RF amplifying FET 111 , thereby making it possible 
to reduce current consumption to a low level. 

5 [0031] Moreover, the FET 115 for monitoring the 
threshold voltage Vth of the FET 111 is supplied with 
voltage via the differential circuit formed by the FETs 112 
and 113, and therefore is insensitive to variation in the 
reference voltages of the reference voltage sources 1 31 

io and 132. Furthermore, when the FET 111 is varied in 
characteristics due to temperature variation or the like, 
the FET 115 simultaneously varies in characteristics, 
and thus the idle current Idsq is kept constant. The bias 
circuit 100 as described above can be formed simply by 

15 limited circuit components such as N-channel FETs and 
resistances only. 

[Second embodiment] 

20 [0032] Fig. 2 is a circuit diagram of a bias circuit ac- 
cording to a second embodiment of the present inven- 
tion. In Fig. 2, an RF amplifying FET 211 has a source 
grounded, a gate connected to an input terminal 221 , 
and a drain connected to an output terminal 222. A gate 
25 bias voltage obtained in a bias circuit 200 is applied to 
the gate of the RF amplifying FET 211 . 
[0033] In the bias circuit 200, one end of each of load 
resistances 241 and 242 and a current monitoring re- 
sistance 243 is connected to a common positive elec- 
30 trode of a reference voltage source 231 . A negative 
electrode of the reference voltage source 231 is ground- 
ed. The other ends of the load resistances 241 and 242 
are connected to drains of FETs 212 and 213, respec- 
tively. The FETs 212 and 213 have sources connected 
35 to a common point, and thereby form a differential pair. 
[0034] A gate of the FET 21 2 is connected to a posi- 
tive electrode of a reference voltage source 232. A neg- 
ative electrode of the reference voltage source 232 is 
grounded. A gate of the FET 213 is connected to the 
40 other end of the current monitoring resistance 243. The 
common source of the FETs 212 and 213 is connected 
to a drain of a FET 214. 

[0035] The FET 214 has a source grounded and a 
gate connected to one end of a resistance 244, and 

45 functions as a common source current source for the 
differential pair FETs 212 and 213. The other end of the 
resistance 244 is grounded. The gate of the FET 21 4 is 
connected to a cathode of a diode 251 . An anode of the 
diode 251 is connected to the drain of the FET 21 3. 

so [0036] The gate of the FET 21 3 is connected to a drain 
of a FET 215. A source of the FET 215 is grounded, 
while its gate is connected to a cathode of a diode 252 
and one end of a resistance 245. An anode of the diode 
252 is connected to the drain of the FET 21 2. The other 

55 end of the resistance 245 is grounded. The gate of the 
FET 21 5 is also connected to the gate of the RF ampli- 
fying FET 211. 

[0037] Operation of the bias circuit 200 according to 
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the second embodiment thus configured will next be de- 
scribed. 

[0038] When the threshold voltage Vth of the RF am- 
plifying FET 211 is low, that of the FET 215 having the 
same threshold voltage Vth value is also low. Since the 
threshold voltage Vth of the FET 215 is low, a drain-to- 
source current of the FET 21 5 is increased, while a volt- 
age applied to the gate of the FET 213 is decreased. 
Then, a drain-to-source current of the FET 213 is de- 
creased, while a voltage applied to the anode of the di- 
ode 251 is increased. 

[0039] Since a voltage drop of the diode may be con- 
sidered constant, a voltage applied to the gate of the 
FET 214 is increased. Then, a drain-to-source current 
of the FET 214 is increased. Hence, a drain-to-source 
current of the FET 212 is increased, while voltage ap- 
plied to the anode of the diode 252 is decreased. As a 
result of a voltage drop at the diode 252, voltage applied 
to the gates of the FETs 211 and 215 is decreased, and 
then the drain-to-source current of the FET 215 is de- 
creased. 

[0040] Since a current flowing through the gate of the 
RF amplifying FET 21 1 is negligible, voltages applied to 
the gates of the FETs 211 and 215 may be considered 
equal to each other. Hence, when the FET 211 has a 
low threshold voltage Vth and a great idle current Idsq, 
the bias circuit 200 functions to decrease the idle current 
Idsq. On the other hand, when the FET 211 has a high 
threshold voltage Vth and a low idle current Idsq, the 
bias circuit 200 functions to increase the idle current Id- 
sq. 

[0041] The circuit is then stabilized in a certain state 
of equilibrium. When this stable state provides a desired 
idle current Idsq, the idle current Idsq can be kept con- 
stant irrespective of difference in the threshold voltage 
Vth of the FET. As the FETs 211 and 215 also vary in 
characteristics due to temperature variation or the like, 
the idle current Idsq is kept constant. 
[0042] A simulation result for the bias circuit 200 ac- 
cording to the second embodiment is shown in Fig. 3. 
In the figure, a solid line (A) indicates a result for the 
second embodiment, and a dotted line (B) indicates a 
result for prior art. As is clear from the simulation results, 
idle current Idsq of the prior art (B) is monotonously de- 
creased with threshold voltage Vth, whereas the second 
embodiment (A) has a region where the idle current Idsq 
is constant with respect to threshold voltage Vth. 
[0043] The bias circuit 200 according to the second 
embodiment is formed by adding the diodes 251 and 
252 to the bias circuit 100 according to the first embod- 
iment. Thus, in addition to the foregoing effects of the 
bias circuit 100 according to the first embodiment, the 
bias circuit 200 according to the second embodiment 
provides an effect of allowing the differential pair FETs 
212 and 21 3 and the current source FET 21 4 to operate 
in a saturation region even when the gate voltages of 
the FETs 211 and 215 are set low. 



[Third embodiment] 

[0044] Fig. 4 is a circuit diagram of a bias circuit ac- 
cording to a third embodiment of the present invention. 
5 In Fig. 4, an RF amplifying FET 311 has a source 
grounded, a gate connected to an input terminal 321 , 
and a drain connected to an output terminal 322. A gate 
bias voltage obtained in a bias circuit 300 is applied to 
the gate of the RF amplifying FET 311 . 
10 [0045] in the bias circuit 300, one end of each of load 
resistances 341 and 342 and a current monitoring re- 
sistance 343 is connected to a common positive elec- 
trode of a reference voltage source 331. A negative 
electrode of the reference voltage source 331 is ground- 
's ed. The other ends of the load resistances 341 and 342 
are connected to drains of FETs 312 and 313, respec- 
tively. The FETs 312 and 313 have sources connected 
to a common point, and thereby form a differential pair. 
[0046] A gate of the FET 312 is connected to a posi- 
20 tive electrode of a reference voltage source 332. A neg- 
ative electrode of the reference voltage source 332 is 
grounded. A gate of the FET 313 is connected to the 
other end of the current monitoring resistance 343. The 
common source of the FETs 312 and 313 is connected 
25 to a drain of a FET 31 4. 

[0047] The FET 314 has a source grounded and a 
gate connected to one end of a resistance 344, and 
functions as a common source current source for the 
differential pair FETs 312 and 313. The other end of the 
30 resistance 344 is grounded. The gate of the FET 31 4 is 
connected to a cathode of a diode 351 . An anode of the 
diode 351 is connected to the drain of the FET 313. 
[0048] The gate of the FET 31 3 is connected to a drain 
of a FET 315. A source of the FET 315 is grounded, 
35 while its gate is connected to a cathode of a diode 352 
and one end of a resistance 345. An anode of the diode 
352 is connected to the drain of the FET 31 2. The other 
end of the resistance 345 is grounded. The gate of the 
FET 315 is also connected to one end of a resistance 
^0 346. The other end of the resistance 346 is connected 
. to the gate of the RF amplifying FET 311. 

[0049] The thus configured bias circuit 300 according 
to the third embodiment is formed by inserting the re- 
sistance 346 between the gate of the FET 31 1 and the 
^5 gate of the FET 31 5 in the bias circuit 200 according to 
the second embodiment. Thus, in addition to the fore- 
going effects of the bias circuit 200 according to the sec- 
ond embodiment, the bias circuit 300 according to the 
third embodiment has an effect of the resistance 346 
so preventing an RF signal to be inputted to the RF ampli- 
fying FET 31 1 from being inputted to the bias circuit 300 . 
[0050] Since a current flowing through the gate of the 
FET is generally negligible, it is considered that a volt- 
age supplied from the diode 352 is applied as it is to the 
55 gate of the RF amplifying FET 31 1 . However, when the 
current flowing through the gate of the RF amplifying 
FET 311 is great and a voltage drop at the resistance 
346 affects the bias, an inductor may be used instead 
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of the resistance 346. This makes it possible to block 
input of an RF signal into the bias circuit 300 without 
producing a voltage drop due to the gate current. 
[0051 ] It is to be noted that the third embodiment has 
been described by taking as an example a case where 
the resistance 346 (or an inductor) is added to the bias 
circuit 200 according to the second embodiment; how- 
ever, the third embodiment may of course be similarly 
applied to the bias circuit 1 00 according to the first em- 
bodiment. 

[Fourth embodiment] 

[0052] Fig. 5 is a circuit diagram of a bias circuit ac- 
cording to a fourth embodiment of the present invention. 
In Fig. 5, an RF amplifying FET 411 has a source 
grounded, a gate connected to an input terminal 421, 
and a drain connected to an output terminal 422. A gate 
bias voltage obtained in a bias circuit 400 is applied to 
the gate of the RF amplifying FET 411 . 
[0053] In the bias circuit 400, one end of each of load 
resistances 441 and 442 and a current monitoring re- 
sistance 443 is connected to a common positive elec- 
trode of a reference voltage source 431. A negative 
electrode of the reference voltage source 431 is ground- 
ed. The other ends of the load resistances 441 and 442 
are connected to drains of FETs 412 and 413, respec- 
tively. The FETs 412 and 413 have sources connected 
to a common point, and thereby form a differential pair. 
[0054] A gate of the FET 41 2 is connected to one end 
of each of dividing resistances 444 and 445. The other 
end of the dividing resistance 444 is connected to the 
positive electrode of the reference voltage source 431 . 
The other end of the dividing resistance 445 is ground- 
ed. Thus, the dividing resistances 444 and 445 divide 
voltage (power supply voltage) of the reference voltage 
source 431 , and apply the divided voltage to the gate of 
the FET 412 as a reference voltage. 
[0055] A gate of the FET 41 3 is connected to the other 
end of the current monitoring resistance 443. The com- 
mon source of the FETs 412 and 413 is connected to a 
drain of a FET 41 4. The FET 41 4 has a source grounded 
and a gate connected to one end of a resistance 446. 
The other end of the resistance 446 is grounded. The 
gate of the FET 41 4 is connected to a cathode of a diode 
451. An anode of the diode 451 is connected to the drain 
of the FET 413. 

[0056] The gate of the FET 41 3 is connected to a drain 
of a FET 415. A source of the FET 415 is grounded, 
while its gate is connected to a cathode of a diode 452 
and one end of a resistance 447. An anode of the diode 
452 is connected to the drain of the FET 41 2. The other 
end of the resistance 447 is grounded. The gate of the 
FET 41 5 is also connected to the gate of the RF ampli- 
fying FET 411 via a resistance 448. 
[0057] The thus configured bias circuit 400 according 
to the fourth embodiment is formed by replacing the ref- 
erence voltage source 332 in the bias circuit 300 accord- 



ing to the third embodiment with the dividing resistances 
444 and 445. The voltage obtained by dividing the power 
supply voltage by the dividing resistances 444 and 445 
is provided to the gate of the FET 412 as a reference 

5 voltage. Thus, the reference voltage can be generated 
by only the two resistances, and therefore the bias cir- 
cuit 400 according to the fourth embodiment has an ad- 
vantage in that its circuit configuration can be made sim- 
pler than that employing the reference voltage source. 

w [0058] It is to be noted that thefourth embodiment has 
been described by taking as an example a case where 
the reference voltage source 332 in the bias circuit 300 
according to the third embodiment is replaced with the 
dividing resistances 444 and 445; however, the fourth 

15 embodiment may of course be similarly applied to the 
bias circuits 100 and 200 according to the first and sec- 
ond embodiments. 

[Fifth embodiment] 

20 

[0059] Fig. 6 is a circuit diagram of a bias circuit ac- 
cording to a fifth embodiment of the present invention. 
In Fig. 6, an RF amplifying FET 511 has a source 
grounded, a gate connected to an input terminal 521 , 

25 and a drain connected to an output terminal 522. A gate 
bias voltage obtained in a bias circuit 500 is applied to 
the gate of the RF amplifying FET 511 . 
[0060] In the bias circuit 500, one end of each of load 
resistances 541 and 542 and a current monitoring re- 

30 sistance 543 is connected to a common positive elec- 
trode of a reference voltage source 531. A negative 
electrode of the reference voltage source 531 is con- 
nected to a negative electrode of a voltage source 532. 
A positive electrode of the voltage source 532 is ground- 

35 ed. The other ends of the load resistances 541 and 542 
are connected to drains of FETs 512 and 513, respec- 
tively. The FETs 512 and 513 have sources connected 
to a common point, and thereby form a differential pair. 
[0061] A gate of the FET 512 is connected to one end 

40 of each of dividing resistances 544 and 545. The other 
end of the dividing resistance 544 is connected to the 
positive electrode of the reference voltage source 531 
The other end of the dividing resistance 545 is connect- 
ed to the negative electrode of the voltage source 532. 

45 a gate of the FET 513 is connected to the other end of 
the current monitoring resistance 543. The common 
source of the FETs 512 and 513 is connected to a drain 
of a FET 51 4. 

[0062] The FET 514 has a source connected to the 
50 negative electrode of the voltage source 532 and a gate 
connected to one end of a resistance 546. The other 
end of the resistance 546 is connected to the negative 
electrode of the voltage source 532. The gate of the FET 
51 4 is connected to a cathode of a diode 551 . An anode 
55 of the diode 551 is connected to the drain of the FET 
513. 

[0063] The gate of the FET 51 3 is connected to a drain 
of a FET 51 5. A source of the FET 51 5 is connected to 
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the negative electrode of the voltage source 532, while 
its gate is connected to a cathode of a diode 552 and 
one end of a resistance 547. An anode of the diode 552 
is connected to the drain of the FET 51 2. The other end 
of the resistance 547 is connected to the negative elec- 5 
trode of the voltage source 532. The gate of the FET 
515 is also connected to the gate of the RF amplifying 
FET 51 1 via a resistance 548. 

[0064] The thus configured bias circuit 500 according 
to the fifth embodiment is formed by newly adding the 10 
voltage source 532 to the bias circuit 400 according to 
the fourth embodiment. The bias circuit 500 has a neg- 
ative voltage on the grounded side. This makes it pos- 
sible to apply not only a positive gate bias voltage but 
also a negative gate bias voltage to the gate of the RF 15 
amplifying FET 511. 

[0065] It is to be noted that the fifth embodiment has 
been described by taking as an example a case where 
the voltage source 532 is added to the bias circuit 400 
according to the fourth embodiment; however, the fifth 20 
embodiment may of course be similarly applied to the 
bias circuits 100, 200, and 300 according to the first, 
second, and third embodiments. 



[Application example] 



25 



[0066] The bias circuits according to the first to fifth 
embodiments described above are used to form an am- 
plifier in a part of an RF front end section of a CDMA- 
type cellular phone system, for example. Fig. 7 is a block 30 
diagram showing a configuration of the RF front end 
section of the CDMA-type cellular phone system. 
[0067] In Fig. 7, a wave received by an antenna 611 
is passed through a band-pass filter 612 used for both 
transmission and reception, and then supplied to a mix- 35 
er 61 4 via a low-noise amplifier 613. The mixer 61 4 mix- 
es the wave with a local oscillation frequency from a lo- 
cal oscillator 615 to thereby convert the wave into an 
intermediate frequency (IF) signal. The signal is there- 
after set to a fixed level by an AGC amplifier 616, and 40 
then supplied to a baseband IC 617 in the next stage. 
[0068] In the meantime, on the transmission side of 
the RF front end section, an IF signal supplied from the 
baseband IC 61 7 in the preceding stage is amplified by 
an AGC amplifier 61 8, and then supplied to a mixer 61 9, 45 
where the IF signal is mixed with a local oscillation fre- 
quency from a local oscillator 620 to be thereby convert- 
ed into an RF signal. Then, the RF signal is supplied to 
a power amplifier 621 . 

[0069] The power amplifier 621 has a circuit configu- so 
ration with an RF amplifying FET for amplifying the RF 
signal. A gate of the RF amplifying FET is supplied with 
a gate bias voltage from a bias circuit 622. Passing 
through the power amplifier 621 , the RF signal goes 
through the band-pass filter 61 2 and is then transmitted 55 
from the antenna 611 . 

[0070] The bias circuits according to the first to fifth 
embodiments described above are used as the bias cir- 



cuit 622 for supplying the bias voltage to the gate of the 
RF amplifying FET for amplifying the RF signal in the 
power amplifier 621 in the thus configured RF front end 
section of the CDMA-type cellular phone system. 
[0071] Thus, the bias circuits according to the first to 
fifth embodiments of the present invention used as the 
bias circuit 622 in the transmission system of the CDMA- 
type cellular phone system can keep drain current con- 
stant irrespective of variation in characteristics of FETs 
between FET production lots and change in character- 
istics of FETs due to temperature variation or the like, 
and can also reduce current consumption to a low level. 
Therefore, the bias circuits can deliver stable perform- 
ance at all times and can also contribute to reduction in 
current consumption of the cellular phone system itself. 
[0072] It is to be noted that in the application example 
described above, the bias circuits are applied to a CD- 
MA-type cellular phone system; however, the present 
invention is not limited to this application example. The 
bias circuits may also be employed as a bias circuit for 
an amplifying FET for use in radio communication sys- 
tems such as cordless telephones and in digital and an- 
alog RF circuits such as RF signal measuring systems 
and lasers. In addition, the FET is not limited to use as 
an amplifier; the FET may also be applied as a multiplier 
and as an oscillator 

[0073] As described above, according to the present 
invention, when the power supply voltage or the thresh- 
old voltage of the FET deviates from a standard value, 
the currents of the differential pair FETs are kept equal 
to each other, and a voltage drop at the current moni- 
toring resistance is accurately kept equal to the refer- 
ence voltage. Therefore, it is possible to keep the idle 
current constant irrespective of variation in characteris- 
tics of FETs between FET production lots and change 
in characteristics of FETs due to temperature variation 
or the like, and also to reduce current consumption to a 
low level. 

[0074] While a preferred embodiment of the invention 
has been described using specific terms, such descrip- 
tion is for illustrative purposes only, and it is to be un- 
derstood that changes and variations may be made 
without departing from the spirit or scope of the following 
claims. 



Claims 

1. A bias circuit (100;200;300;400;500) for supplying 
a bias voltage to a gate of a first FET (111), com- 
prising: 

a monitoring circuit having a second FET (115) 
and a resistance (143) connected to a drain of 
the second FET (115) for monitoring a drain 
current of said first FET (111); 
a differential circuit including a third FET (112) 
having a gate supplied with a reference voltage 
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(132), a fourth FET (113) having a gate con- 
nected to the drain of said second FET (115), 
sources of the third FET (112) and the fourth 
FET (1 1 3) being connected to a common point, 
and resistances (141 , 1 42) connected to drains 
of the third FET (112) and the fourth FET (113), 
respectively; and 

a fifth FET (1 1 4) having a drain connected to a 
common source of said third FET (112) and 
said fourth FET (113); 

wherein a drain voltage of said third FET (112) 
is fed back to the gate of said first FET (111) 
and a gate of said second FET (115), and a 
drain voltage of said fourth FET (113) is fed 
back to a gate of said fifth FET (114). 

2. A bias circuit (200) as claimed in claim 1, further 
comprising: 

a first diode (251) having an anode connected 
to the drain of said fourth FET (21 3) and a cath- 
ode connected to the gate of said fifth FET 
(214); and 

a second diode (252) having an anode connect- 
ed to the drain of said third FET (212) and a 
cathode connected to the gates of said first FET 
(211) and said second FET (215). 

3. A bias circuit (300) as claimed in either one of claims 
1 and 2, further comprising a resistance (346) or an 
inductor connected between the gates of said first 
FET (311) and said second FET (315). 

4. A bias circuit (1 00;200) as claimed in either one of 
claims 1 and 2, wherein said reference voltage 
(132) is supplied from a reference voltage source 
or a resistance division circuit for dividing power 
supply voltage. 

5. A radio communication apparatus comprising: 

an amplifying means including an RF amplify- 
ing FET for amplifying an RF signal in a trans- 
mission system thereof; and 
a bias circuit (622) for supplying a bias voltage 
to a gate of said RF amplifying FET (111), said 
bias circuit (622) comprising: 

a monitoring circuit having a second FET 
(115) and a resistance (143) connected to 
a drain of the second FET (115) for moni- 
toring a drain current of said RF amplifying 
FET (111);. 

a differential circuit including a third FET 
(112) having a gate supplied with a refer- 
ence voltage (132), a fourth FET (11 3) hav- 
ing a gate connected to the drain of said 
second FET (115), sources of the third FET 



(112) and the fourth FET (113) being con- 
nected to a common point, and resistances 
-141 , 142) connected to drains of the third 
FET (112) and the fourth FET (113), re- 

5 spectively; and 

a fifth FET (114) having a drain connected 
to a common source of said third FET (112) 
and said fourth FET (113); wherein a drain 
voltage of said third FET (112) is fed back 

10 to the gate of said RF amplifying FET (111) 

and a gate of said second FET (115), and 
a drain voltage of said fourth FET (113) is 
fed back to a gate of said fifth FET (114). 

15 6. A radio communication apparatus as claimed in 
claim 5, wherein said bias circuit (622) includes a 
first diode (251) having an anode connected to the 
drain of said fourth FET (213) and a cathode con- 
nected to the gate of said fifth FET (214); and a sec- 

20 ond diode (252) having an anode connected to the 
drain of said third FET (21 2) and a cathode connect- 
ed to the gates of said RF amplifying FET (211) and 
said second FET (215). 

25 7. A radio communication apparatus as claimed in ei- 
ther one of claims 5 and 6, wherein said bias circuit 
(622) includes a resistance (346) or an inductor 
connected between the gates of said RF amplifying 
FET (311) and said second FET (315). 



8 



BNSDOCIP: <£P__115456eA2_J^> 



EP 1 154 566 A2 



F I G.1 



Idsq 




F I G.2 



RFout 




Idsq 



9 



EP 1 154 566 A2 



I G.3 



cr 



UJ 

tr 

QC 
ID 
O 

UJ 









— t r 

i 

\ 

\ 




















\ 
\ 




















r— 

\ 

\ 

1 
















(A)S 
EMB 


ECOf 
ODIN 


\ID 


Y - 


(B) 


PRIO 


R A 








dENl 


=\ 

\ 




















\ 
\ 

V 




















\ 


V— 




















\ 
\ 




















— V 































THRESHOLD VOLTAGE Vth 



I G.4 



300 



-341 



351 



332. 



X 




321 
RFin 



342 



-343 



n 



312 313^ 

r 



-344 



-314 



315- 



352 



346 

s 



322 
RFout 



Idsq 




345 



311 



10 



EP 1 154 566 A2 



F I G. 5 



400 




F I G.6 



500 




3DOCID: <EP 1 154566A2_L> 



11 



EP1 154 566 A2 



F I G. 7 



613 



611 




614 



-612 



BAND- 
PASS 

FILTER 




616 
__i 

AGC 



617 
s 



615 



BASEBAND 
IC 



621 





619 



BIAS 
CIRCUIT 



^622 



1154566A2 I > 



12 



(19) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(88) Date of publication A3: 

16.07.2003 Bulletin 2003/29 

(43) Date of publication A2: 

14.11.2001 Bulletin 2001/46 

(21) Application number: 01401207.4 

(22) Date of filing: 11.05.2001 



(H) EP 1 154 566 A3 

EUROPEAN PATENT APPLICATION 

(51) lntCl7: H03F 1/30 



(84) 


Designated Contracting States: 


(72) 


Inventors: 




AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


• 


Masayuki, Katakura, Sony Corporation 




MC NL PT SE TR 




Tokyo (JP) 




Designated Extension States: 


• 


Motoyama, Hideshi, Sony Corporation 




AL LT LV MK RO SI 




Tokyo (JP) 


(30) 


Priority: 12.05.2000 JP 2000139480 


(74) 


Representative: Thevenet, Jean-Bruno et al 








Cabinet Beau de Lomenie 


(71) 


Applicant: SONY CORPORATION 




158, rue de I'Universite 




Tokyo (JP) 




75340 Paris Cedex 07 (FR) 



(54) Bias circuit and radio communication apparatus using same 



(57) A bias circuit (1 00) according to the present in- 
vention includes a monitoring circuit having a second 
FET (115) and a resistance (143) connected to a drain 
of the second FET (115) for monitoring a drain current 
of a first FET (111) to be supplied with a gate bias; a 
differential circuit including a third FET (112) having a 
gate supplied with a reference voltage (132), a fourth 
FET (113) having a gate connected to the drain of the 
second FET (115), sources of the third FET (112) and 



the fourth FET (113) being connected to a common 
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FET (115), and a drain voltage of the fourth FET (113) 
is fed back to a gate of the fifth FET (114). 
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